A description is given of a new method for investigating vibrational excitations of molecules in liquids: this method involves a preliminary brief excitation of a molecule by two picosecond pulses, differing in frequency by an amount which is in resonance with natural vibrations of the molecule, followed by a subsequent prolonged investigation of free relaxation of the excited system. The results are reported of an investigation of this kind made on C6Hl2 in the range 2875-2925 cm" 1 . Lines not resolved in the usual spontaneous Raman spectrum were observed. The position of the well-known 2923 cm" 1 line was determined more accurately. Recently we were able to determine directly the population lifetime T1 and the dephasing time T2 of various vibrational modes in the time domain without recourse to the width of the vibrational transition lines. 1 " 5 In the case of polyatomic molecules in the liquid state at 300 °K both time constants Tt and T2 are very short, frequently of the order of picoseconds. Consequently, we had to design experimental systems to enable us to measure vibrational time constants on the time scale of 10~u sec. In the present paper we shall review experimental techniques and report new results to illustrate the state of our knowledge of the population lifetime Tx. In addition we shall describe a novel coherent Raman technique which can be used to detect new Raman lines in congested spectral regions.
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POPULATION LIFETIME Γ,
The population lifetime of a specific vibrational state is measured as follows. The first ultrashort infrared pulse, turned to the resonance frequency of the investi gated transition, excites molecules by direct infrared absorption, whereas the second visible pulse follows after a variable delay time and it monitors the instan taneous population of the excited molecules. A spon taneous anti-Stokes Raman signal is used as a direct measure of the excess population. This technique has the great advantage of providing very direct informa tion on the populated vibrational mode. Observation of various anti-Stokes frequencies tells us accurately which vibrational mode is populated at a certain time. In this way we are able to observe the time dependence of the primary excitation and to follow the vibrational energy through different decay relaxation) channels.
However, this technique for the determination of Tx has a major shortcoming. The Raman scattering cross sections are notoriously very small and the population densities achieved after a short excitation pulse do not exceed 1%. Consequently, the number of scattered photons is very small, approximately from 10 2 to 10 s per pulse, which makes the data acquisition a nontrivial task. 4 EXPERIMENTAL SYSTEM FOR MEASURING Γ, Figure 1 shows schematically a more advanced ex perimental system for the determination of 7\. Two pulses differing considerably in frequency were generated. A tunable infrared pulse of frequency ul is generated by a three-photon process in three lithium niobate crystals. 6 Typical intensities of infrared pul ses were 10 18 photons per pulse and the spectral band width was APZR«20 cm" 1 , and the beam divergence was It ~1 Mrad. A monitoring green pulse (P2 = 18990 cm" 1 ) was generated in the form of the second harmonic fre quency in a nonlinear KDP crystal. Both pulses were focused (after the selected delay time) in a small sam ple located at the focus of an ellipsoidal mirror. Ap proximately 50% of the anti-Stokes scattered photons were collected by this mirror and imaged at the en trance slit of a spectrometer connected to a photomultiplier. After different delays, both pulses were mixed in a thin lithium niobate crystal (10 in Fig. 1) , generat ing the sum frequency. In this way we obtained the cross-Correlation function for each experimental run. The peak of the cross-correlation function corresponded to zero point on our time scale (where the maxima of both pulses overlapped) and the width of the cross-cor relation function yielded valuable information on the time resolution in each experiment.
RECENT RESULTS AND DISCUSSION OF Γ, DATA
We investigated numerous molecules and found widely varying values of the population lifetimes between 1 psec (corresponding to the time resolution of our sys tem) and 200 psec in the case of polyatomic molecules at room temperature. 1,2,4 Special attention was paid to the stretching modes of the CH groups in the frequency range 3000 ± 100 cm" 1 , where direct pumping by in frared pulses was particularly effective.
At the beginning of our investigations we found the large spread in the 7\ values quite puzzling. The lifetimes Tx appeared to be very sensitive to the spe cific level structure of the individual molecule. In the past few years we made a considerable progress in our understanding of the physical phenomena determining the population lifetime of polyatomic molecules. One should distinguish two processes.
The first process represents a very rapid exchange of the vibrational energy between similar fundamental vi brations with similar energies. For example, we have experimental evidence that collision-induced interactions lead to a rapid energy exchange (faster than 1 psec) be tween the symmetric and asymmetric stretching modes of the CH2 group. Consequently, excitation with pulses of 5 psec duration populates both vibrational levels. Indeed, a very fast energy exchange (faster than 1 psec) occurs between the infrared and Raman-active modes within the CH fundamentals. This observation has con sequences for the decay (relaxation) process which starts-after the pump pulses left the medium-from a reservoir of two or more energy states.
In the second process the vibrational energy is trans ferred from the CH stretching modes (-3000 cm" 1 ) via overtones and combination modes to lower energy states. An intramolecular anharmonic coupling (a Fermi resonance) between neighboring energy states is of major importance in this respect. The degree of a Fermi resonance in a certain frequency range mani fests itself in the infrared and Raman spectra. Over tones and higher-order combination modes "borrow" intensity from the CH stretching modes. We shall use the intensity ratio R between the final and initial states, taken from an infrared or Raman spectrum, as a measure of the Fermi resonance mixing. Recently, Fendt, Fischer, and Kaiser 1 derived a formula for esti mating the lifetime Tx of a vibrational state: The frequency ω represents the energy difference be tween the initial and final states, whereas the frequency Ω has a value close to 100 cm" 1 . In some cases a com plex band structure prevents determination of T2(f). Moreover, the above equation for Tx breaks down for a very strong vibrational coupling when the Fermi reso nance interaction becomes so strong that the energy transfer process is very fast, i.e., it occurs within the excitation pulse duration.
As an example, we shall report the data on two mole cules: CHJJ^CCL, and trans-CHCI = CHC1, the infrared absorption and Raman spectra of which are shown in Figure 3b gives the time dependence of the stretching modes of CH in trans-CHCl = CHCl. This molecule is excited via the u9 mode at 3084 cm"* and the population of the vx mode at 3073 cm" 1 is monitored by anti-Stokes Raman scattering. The rapid rise of the Raman signal, i. e., the fast filling of the vx mode, provides clear evidence of fast energy exchange between the two CH fundamentals vx and vQ. The slow decay of the signal shows that the lifetime of two stretching modes of CH is long: Tx = 10 ±2 psec. This result is in good agree ment with the value estimated above. A weak intra molecular coupling is responsible for the longer vibra tional lifetime.
DEPHASING TIME T2
In our investigations a specific vibrational mode was first coherently excited via the stimulated Raman effect and the time dependence of the vibrational excitation was monitored subsequently by a delayed and properly phase-matched probe pulse. The situation was straight forward for homogeneously broadened Raman transi tions, 5 when the probe signal decayed exponentially with time, providing directly the value of the dephasing time T2. In a number of cases it was possible to show that the dephasing time accounted fully for the band width of the Raman transition AvR in accordance with the rela tionship T2 = l/ncAuR.
More recently, various theoretical papers have ap peared to relate the collision-induced dephasing time to molecular parameters. 7 In some cases the agreement between the theory and experiment is satisfactory.
NEW RAMAN SPECTROSCOPY UTILIZING SHORT COHERENT EXCITATION AND SUBSEQUENT

PROLONGED INTERROGATION
We shall describe here a new spectroscopic techni que 8 * 9 which provides information on homogeneously broadened transitions. New Raman lines can be de tected in congested spectral regions and peak positions of Raman lines in liquids can be measured with unpre cedented accuracy.
The idea underlying this new Raman technique is as follows. During a short transient excitation process the molecules in a liquid are driven by two light pulses separated by a frequency difference vD.
Raman transi tions at and close to vD become excited and they have coherent amplitudes Qr
This coherent excitation per sists even when the two pump pulses have left the liquid sample. The molecules regain their resonance fre quencies Vj and the amplitude Qj decay with the char acteristic dephasing time T2r
During the free relaxa tion process a third delayed long-duration probe pulse interacts with the coherently vibrating molecules. It generates coherently scattered Raman-shifted light carrying valuable information on the molecules. Only the molecules vibrating in phase during the probing process contribute to the coherent signal. The mole cules which have suffered dephasing collisions vibrate out of step and are not observed. In the case of a suit able shape (for example, Gaussian) of the long-dura tion interrogating pulse the measuring time may be in creased and the spectral resolution improved. This technique is based on short excitation and prolonged interrogation (SEPI) of molecular states. 5 ' 8 ' 9
EXPERIMENTAL SYSTEM FOR SHORT EXCITATION AND PROLONGED INTERROGATION SPECTROSCOPY
The short dephasing times of vibrational modes in molecular liquids require picosecond pulses in order to measure SEPI spectra. It is convenient to use exciting pulses with a band width ~10 cm" 1 tuned in steps over a wider frequency range. For each excitation band the coherent spectrum should be recorded by a spectrome ter or spectrograph with a sufficient resolution. with the polarization perpendicular to that of the pulses in the first and second beams was generated. This third pulse interacted with the coherently excited mole cules in the sample producing a Raman-shifted signal pulse. Stokes scattering ensured that the three pulses traveled collinearly through the sample. In the case of anti-Stokes scattering, the probe pulse crossed the beam of the excited pulses at the phase-matching an gle. The spectrum of the coherently scattered light was scattered using a two-meter spectrograph 9 and a cooled optical spectrum analyzer 11. The system had a resolution of 0.2 cm" 1 per channel and an absolute accuracy of the frequency scale of 0.4 cm" 1 .
EXPERIMENTAL RESULTS ON LIQUID
CYCLOHEXANE
We carried out SEPI measurements on a number of organic and inorganic liquids. We shall give here the Figure 5b shows the pol arized (spontaneous Raman) spectrum. This spectrum was recorded using an argon laser and a Raman spec trometer with a resolution better than 1 cm" 1 . The three strong Raman bands observed in the spectrum were due to the CH stretching modes and the diffuse spectrum between 2860 and 2930 cm" 1 was attributed to overlapping overtones and combination modes en hanced by a Fermi resonance with the fundamen tals. 12 * 13 Figure 5c shows three SEPI spectra on an expanded scale (by a factor of 3. 7). Each spectrum was obtained using a single laser shot. On the right we plotted a sharp SEPI band corresponding to the CH stretching mode at 2923 cm" 1 . The small line width of 2.3 cm" 1 enabled us to determine accurately the peak position as 2922.0 ±0. 7 cm" 1 . The SEPI band was considerably narrower than the corresponding band in the spon taneous Raman spectrum of Fig. 5b . Moreover, the latter was asymmetric because of other weaker Raman transitions. The Raman transition at 2923 cm" 1 was excited using ethylene glycol (CH2OH)2 in the Raman generator cell (Fig. 4) .
The SEPI spectrum of Fig. 5c located to the left of the 2923 cm" 1 line consisted of four Raman transitions. We resolved clearly the lines separated by just 2. 5 cm" 1 . The four transitions were hidden under the wing of the strong Raman band at 2923 cm" 1 and they could not be detected in the conventional Raman spectrum of Fig.  5b . The SEPI spectrum was obtained using an exciting pulse of frequency v2 in the band 2900-2920 cm" 1 (di methyl sulfide C2HeS was used in the Raman generator).
On the left hand side of Fig. 5c we plotted a SEPI spectrum obtained after excitation by a v2 pulse with a spectral band width 2875-2890 cm -1 (propylene oxide C2H60 was used in the Raman generator). We found two distinct Raman bands at 2877. 5 and 2887 cm" 1 , the for mer of which had not been detected earlier, because it was buried in the diffuse part of the conventional Raman spectrum (Fig. 5b) . The maxima of the SEPI spectra are not proportional to the Raman scattering cross section since the initial conditions of the exciting pulses and the dephasing times T2) are important in the observed magnitude of the generated signal. The SEPI spectra obtained after different delay times allow us to estimate the values of T2i.
The final identification of the new
The frequency precision of the generated Stokes spec trum depends on the frequency stability of the integrat ing pulses. For the highest accuracy the frequency vx should be determined simultaneously with the SEPI spectrum. If an interrogating pulse has a chirped frequency spectrum, unwanted shifts appear in the SEPI spectra and such pulses should be avoided.
The scattering process may also occur on the antiStokes side of the spectrum. The disturbing inter ference found in stationary CARS spectroscopy does not occur in the delayed probing used in the SEPI spectroscopy. 9 ' 14 Finally, simultaneous determination of the coherent Stokes and anti-Stokes SEPI spectra allows us to eli minate the effects of a chirped probe pulse. In this way the absolute frequency position is determined with a high accuracy. 9 
